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(54) COMPACT ELECTRONIC POWER CONVERTER TO CONTROL AL LEAST ONE ELECTRIC 
MOTOR OF A VEHICLE

(57) An electronic power converter (6) to control at
least one electric motor (4) of a vehicle (1) and having at
least one group (12) of power modules (11), each de-
signed to power with an alternating current one single
phase of the electric motor (4); two lateral plates (20),
which are arranged on opposite sides of the group (12)
so as to form a pile (17); a hydraulic circuit, which is con-

figured to cause a cooling liquid to circulate inside the
plates (20); and a clamping system (25), which applies
a clamping force to the pile (17) in order to keep the pile
(17) compressed and has elastic elements (26), which
are deformed in order to apply a compression force of
elastic origin to the pile (17).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Patent Application claims priority from Ital-
ian Patent Application No. 102021000013676 filed on
May 26, 2021.

TECHNICAL FIELD

[0002] The invention relates to an electronic power
converter to control at least one electric motor of a vehi-
cle.

BACKGROUND ART

[0003] A vehicle can be provided with one single elec-
tric motor or with several electric motors (in which case,
the drive is a full electric drive) or it can be provided with
one or more electric motors combined with a combustion
engine (in which case, the drive can be a full electric
drive, a combustion drive or a hybrid drive).
[0004] The electric motor (or each electric motor) is
mechanically connected to the drive wheels and is elec-
trically connected to a power storage system through the
interposition of an electronic power converter (namely,
an "inverter"), which turns DC power (on the side con-
nected to the storage system) into AC power (on the side
connected to the electric motor) and vice versa.
[0005] Patent applications US2018145605A1,
US2020321884A1 and US2020388559A1 as well as pat-
ent US5469331A describe an electronic power converter
provided with a plurality of power modules piled on top
of one another and provided with a liquid cooling.

DESCRIPTION OF THE INVENTION

[0006] The object of the invention is to provide an elec-
tronic power converter to control at least one electric mo-
tor of a vehicle, said electronic power converter being
easily adjustable to the control of electric motors of dif-
ferent sizes, being compact and being, at the same time,
easy and economic to be manufactured.
[0007] According to the invention, there is provided an
electronic power converter to control at least one electric
motor of a vehicle according to the appended claims.
[0008] The appended claims describe preferred em-
bodiments of the invention and form an integral part of
the description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention will now be described with refer-
ence to the accompanying drawings, which show some
non-limiting embodiments thereof, wherein:

• figure 1 is a schematic plan view of a road vehicle
with electric drive;

• figure 2 is a schematic view of an high-voltage elec-
tric system of the vehicle of figure 1 provided with
three electronic power converters according to the
invention;

• figure 3 is a schematic view of one single electronic
power converter of the high-voltage electric system
of figure 2;

• figure 4 is a schematic view of a rear electronic power
converter of the high-voltage electric system of figure
2;

• figure 5 is a schematic view of a front electronic pow-
er converter of the high-voltage electric system of
figure 2;

• figures 6 and 7 are two different perspective views,
with parts removed for greater clarity, of the elec-
tronic power converter of figure 3;

• figure 8 is a perspective view, with parts removed
for greater clarity, of a double electronic power con-
verter;

• figure 9 is a schematic view of a variant of the elec-
tronic power converter of figure 3;

• figures 10 and 11 are two different perspective views
of pile of components of the electronic power con-
verter of figure 3;

• figure 12 is a plan view of the pile of components of
figures 10 and 11;

• figures 13 and 14 are two cross section views, along
section lines XIII-XIII and XIV-XIV of the pile of com-
ponents of figures 10 and 11;

• figure 15 is a perspective view of the pile of compo-
nents of figures 10 and 11 highlighting a clamping
system;

• figures 16 and 17 are two different perspective views
of part of the clamping system of figure 15; and

• figure 18 is a cross section view of the pile of com-
ponents of figures 10 and 11 provided with an alter-
native embodiment of the clamping system, which
is not part of the invention.

PREFERRED EMBODIMENTS OF THE INVENTION

[0010] In figure 1, number 1 indicates, as a whole, an
electric drive vehicle provided with four drive wheels 2
(two front drive wheels 2 and two rear drive wheels 2).
[0011] The vehicle 1 comprises an electric powertrain
system 3, which is arranged in a front position (namely,
is connected to the two front drive wheels 2), and an
electric powertrain system 3, which is arranged in a rear
position (namely, is connected to the two rear drive
wheels 2), is structurally identical to the electric power-
train system 3 arranged in a front position and is mechan-
ically independent of and separate from the electric pow-
ertrain system 3 arranged in a front position.
[0012] According to a different embodiment which is
not shown herein, the vehicle 1 comprises one single
electric powertrain system 3 (arranged in a front position
or arranged in a rear position) and, therefore, it only has
two drive wheels 2; in this embodiment, the vehicle 1
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could also comprise a combustion powertrain system
connected to the drive wheels 2 that do not receive the
motion from the electric powertrain system 3 and the
combustion powertrain system could be provided with a
further electric motor 4 connected to the drive shaft of an
internal combustion engine.
[0013] Each electric powertrain system 3 comprises a
pair of reversible electric motors 4 (i.e. which can work
both as eclectic motor, absorbing electrical energy and
generating a mechanical torque, and as electric gener-
ator, absorbing mechanical energy and generating elec-
trical energy) provided with respective shafts and a pair
of drivetrains 5, which connect the electric motors 4
(namely, the shafts of the electric motors 4) to the corre-
sponding drive wheels 2 without the interposition of a
clutch.
[0014] According to figure 2, each electric motor 4 is
controlled by an AC/DC electronic power converter 6
(namely, an "inverter"), which is connected to a power
storage system 7 provided with chemical batteries;
namely, each electronic power converter 6 is a two-way
converter and comprises a DC side, which is connected
to the power storage system 7, and a three-phase AC
side, which is connected to at least one electric motor 4.
[0015] As schematically shown in figure 1, the power
storage system 7 has a flat and (relatively) thin confor-
mation so that it can be integrated inside the floor of the
vehicle 1.
[0016] According to figure 2, a high-voltage electric
system 8 of the vehicle 1 comprises three electronic pow-
er converters 6, which are structurally identical to one
another: one single front electronic power converter 6
powers both front electric motors 4, whereas two rear
electronic power converters 6 each power one single rear
electric motor 4. Since the three electronic power con-
verters 6 are structurally identical to one another, the
front electric motors 4 evidently have a single nominal
power (relative to the rear electric motors 4), whereas
the rear electric motors 4 have a double nominal power
(relative to the front electric motors 4); in other words,
the rear electric motors 4 have a nominal power that is
twice the one of the front electric motors 4, namely the
front electric motors 4 have a nominal power that is half
the one of the rear electric motors 4.
[0017] Said single front electronic power converter 6
(shown more in detail in figure 6) is housed in a container
9, whereas the two rear electronic power converters 6
(shown more in detail in figure 8) are housed together in
one single container 10.
[0018] According to figure 3, each electronic power
converter 6 (both the front one and the rear ones) com-
prises six power modules 11, each designed to power
with an alternating current one single phase of a corre-
sponding electric motor 4; namely, each power module
11 represents one single "leg" of a three-phase inverter.
In particular, the six power modules 11 are divided into
a group 12 consisting of three power modules 11, which
are arranged next to one another on a same plane, and

a group 13 consisting of the other three power modules
11, which are arranged next to one another on a same
plane, which is parallel to and separate from the plane
of the group 12.
[0019] Each power module 11 is provided with respec-
tive transistors 14, each having a gate; obviously, the
electric diagram of a power module 11 shown in figure 3
merely is a possible non-limiting example and, therefore,
the power modules 11 could have any other electric di-
agram.
[0020] Each electronic power converter 6 comprises a
gate control device 15, which is connected to the gates
of the transistors 14 of the power modules 11 of the group
12, and a gate control device 16, which is separate from
and independent of the gate control device 15 and is
connected to the gates of the transistors 14 of the power
modules 11 of the group 13. The gate control devices 15
and 16 also include current sensors, which measure the
intensity of the alternating current flowing through the
power modules 11.
[0021] The two groups 12 and 13 of power modules
11 are piled on top of one another so as to form one
single compact pile 17; the two gate control devices 15
and 16 are on the outside of the pile 17, namely the gate
control device 15 rests on the group 12 of power modules
11 on one side of the pile 17, whereas the gate control
device 16 rests under the group 13 of power modules 11
on the other side of the pile 17.
[0022] Each electronic power converter 6 comprises a
control unit 18, which controls the operation of the entire
electronic power converter 6 and is directly connected to
the two gate control devices 15 and 16. Namely, there is
an electric (physical) connection between the control unit
18 and the two gate control devices 15 and 16 and there
is a further electric (physical) connection between the
two gate control devices 15 and 16 and the power mod-
ules 11. In each electronic power converter 6, the entire
control logic is implemented in the control unit 18, which
is the "brain" of the electronic power converter 6. The
control unit 18 normally comprises an electronic circuit,
which is provided with (at least) a microprocessor and is
physically separate from the pile 17 (comprising the two
groups 12 and 13 of power modules 11) and from the
gate control devices 15 and 16.
[0023] The control unit 18 is configured to operate ac-
cording to a first mode (shown in figure 4 and relating to
the two rear electronic power converter 6), in which the
electronic power converter 6 controls one single electric
motor 4 with a double nominal power and each phase of
the electric motor 4 is powered in parallel by a power
module 11 of the group 12 and by a power module 11 of
the group 13, or to operate according to a second mode
(shown in figure 5 and relating to the front electronic pow-
er converter 6), in which two different electric motors 4
with a single nominal power are controlled and each pow-
er module 11 of the group 12 powers a corresponding
phase of an electric motor 4 and each power module 11
of the group 13 powers a corresponding phase of the
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other electric motor 4.
[0024] Therefore, the same identical electronic power
converter 6 can power one single electric motor 4 with a
double nominal power (which is what happen in the rear
axle) or can control two different electric motors 4 with a
single nominal power (which is what happens in the front
axle).
[0025] According to figure 3, each electronic power
converter 6 comprises a cooling system 19 provided with
three plates 20, which are interposed (inserted) in the
pile 17; namely, the three plates 20 are part of the pile
17 and form the pile 17 together with the two groups 12
and 13 of power modules 11. The cooling system 19 is
also provided with a hydraulic circuit configured to cause
a cooling liquid to circulate inside the plates 20, namely
to cause "cold" cooling liquid to flow into each plate 20
and to cause "hot" cooling liquid to flow out of each cool-
ing plate 20. In particular, a central plate 20 is arranged
between the two groups 12 and 13 of power modules 11,
whereas the other two lateral plates 20 are arranged on
the other sides of the groups 12 and 13 of power modules
11 (namely, between each group 12 or 13 and the cor-
responding gate control device 15 or 16); namely, the
cooling system 19 comprises the central plate 20, which
is interposed between the two groups 12 and 13 and two
lateral plates 20 arranged at the two opposite ends of the
two groups 12 and 13.
[0026] The hydraulic circuit comprises delivery pipe 21
(where the "cold" cooling liquid flows), which is oriented
perpendicularly to the plates 20 and goes through two
plates 20 from side to side, and a return pipe 22 (where
the "hot" cooling liquid flows), which is oriented perpen-
dicularly to the plates 20 and goes through two plates 20
from side to side.
[0027] Each electronic power converter 6 comprises
one single common DC input (schematically shown in
figure 2), to which all six power modules 11 are connected
in parallel, and one single common capacitor 23 (shown
in figures 6, 7 and 8), which is connected to the common
input in parallel and is arranged next to the pile 17 (name-
ly, next to the two groups 12 and 13 piled on top of one
another).
[0028] According to a preferred embodiment, the DC
input comprises a positive bar, which has one single con-
nection for each power module 11, and a negative bar,
which has two different connections for each power mod-
ule 11; namely, each power module 11 has one single
connection to the positive bar, which is arranged in the
middle of the two connection to the negative bar (as clear-
ly shown in figure 11).
[0029] According to a possible embodiment shown in
figure 9, an electronic power converter 6 can be "demot-
ed" to power one single electric motor 4 with a single
nominal power by eliminating the group 13 of power mod-
ules 11 (and, hence, the corresponding gate control de-
vice 16) and by replacing the three power modules 11 of
the group 13 with the same number of empty casings 24
having the same outer dimensions (in order not to change

the size and the conformation of the pile 17). This solution
allows the electronic power converter 6 to be used to also
power one single electric motor 4 with a single nominal
power, for example when the electric motor 4 with a single
nominal power is connected to an axle by means of a
differential or when the electric motor 4 with a single nom-
inal power is connected to a drive shaft of an internal
combustion engine.
[0030] Alternatively, the electronic power converter 6
only comprises the group 12 of power modules 11 and
there are neither the group 13 of power modules 11 nor
the central plate 20; namely, there are only the two lateral
plates 20 arranged at the two opposite ends of the single
group of power modules 11.
[0031] According to figures 10 and 11, in each elec-
tronic power converter 6, the pile 17 consists of the two
groups 12 and 13 of power modules 11 and of the three
plates 20 of the cooling system 19 and is provided with
a clamping system 25, which applies a clamping force to
the pile 17 in order to keep the pile 17 compressed (and,
hence, also hold the pile 17 together); it should be pointed
out that the clamping force applied by the clamping sys-
tem 25 to the pile 17 must be capable of resisting, without
undesired movements, to the force of hydraulic origin
generated by the circulation of the cooling liquid under
pressure.
[0032] According to the embodiment better shown in
figures 15, 16 and 17, the clamping system 25 comprises
elastic elements 26, which are deformed in order to apply
a compression force of elastic origin to the pile 17; name-
ly, the elastic elements 26 press against two opposite
outer walls of the lateral plates 20 in order to apply a
clamping force of elastic origin to the pile 17 so as to
keep the pile 17 compressed. In particular, three pairs of
elastic elements 26 are provided (one pair of elastic el-
ements 26 for each power module 11 making up the
group 12 or the group 13) and, in each pair of elastic
elements 26, the two elastic elements 26 rest against two
outer walls of the lateral plates 20 so as to clamp the pile
17 between them in a "sandwich"-like manner. The
clamping system 25 comprises two tie rods 27, which
apply a traction between two opposite elastic elements
26 (this traction presses the opposite elastic elements
26 against the opposite outer walls of the lateral plates
20 and determines the elastic deformation of the opposite
elastic elements 26).
[0033] Each elastic element 26 has a frame 28 (with a
substantially rectangular shape) and at least one press-
ing member 29, which is hinged to the frame 28, projects
from the frame 28 towards an outer wall of a lateral plate
20 lying underneath and is elastically deformed by being
pressed against the outer wall of a lateral plate 20 lying
underneath. Each elastic element 26 preferably has two
pressing members 29 arranged next to one another and
opposite one another, namely oriented in an opposite
manner relative to one another.
[0034] Furthermore, each elastic element 26 has four
appendages 30, which project from the frame 28 at the
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four corners of the frame 28; furthermore, each tie rod
27 has at least one slit 31, which is engaged by an ap-
pendage 30 of a corresponding elastic element 26. Pref-
erably, in each elastic element 26, the appendages 30
are parallel and non-coplanar to the frame 28 (namely,
are arranged higher than the frame 28) and are connect-
ed to the frame 28 by means of respective inclined
planes. The tie rods 27 arranged in the central area of
the pile 17 are shared by two elastic elements 26 next to
one another; furthermore, all tie rods 27 are arranged
next to the power modules 11, namely in the free space
beside the power modules 11.
[0035] In other words, in each clamping system 25, the
tie rods 27 are arranged next to the power modules 11,
namely half the tie rods 27 are arranged on one side of
the pile 17 and the other half of the tie rods 27 are ar-
ranged on the other side of the pile 17; in particular, the
tie rods 27 are each arranged next to at least one power
module 11, namely the tie rods 27 are arranged in the
areas where there are no power modules 11. In the em-
bodiment shown in the accompanying figures, each
clamping system 25 totally comprises eight tie rods 27
arranged four on one side of the pile 17 and four on the
other side of the pile 17.
[0036] In each elastic element 26, the frame 28 con-
sists of a flat plate, from which the two pressing members
29 (opposite and next to one another) project in a direc-
tion and from which the four appendages 30 project in
an opposite direction. In particular, in each elastic ele-
ment 26, each pressing member 29 forms an obtuse an-
gle with the frame 28 and is "L"-shaped with a rounded
corner.
[0037] The clamping system 25 described above offers
many advantages for it has a small weight (smaller than
a traditional clamping system using screws and bolts)
combined with a particularly small transverse dimension
(significantly smaller than a traditional clamping system
using screws and bolts). Furthermore, the clamping sys-
tem 25 described above automatically compensates
(namely, without any type of intervention) for manufac-
turing tolerances in the total thickness of the pile 17, al-
ways and anyway applying a constant and predeter-
mined clamping force.
[0038] The embodiments described herein can be
combined with one another, without for this reason going
beyond the scope of protection of the invention.
[0039] In the example shown in figure 18, which is not
part of the invention, each clamping system 25 comprises
a plurality of elastic elements 32 consisting of "C"-shaped
springs made of steel, each pressing on the two lateral
plates 20 to push the two lateral plates 20 towards one
another with a predetermined elastic force.
[0040] In the example shown in figure 18, which is not
part of the invention, in each clamping system 25, the
elastic elements 32 (namely, the springs 32) are ar-
ranged next to the power modules 11, namely half the
elastic elements 32 are arranged on one side of the pile
17 and the other half of the elastic elements 32 are ar-

ranged on the other side of the pile 17; in particular, the
elastic elements 32 (namely, the springs) are each ar-
ranged next to at least one power module 11, namely the
elastic elements 32 are arranged in the areas where there
are no power modules 11.
[0041] In the embodiment shown in figure 18, which is
not part of the invention, each clamping system 25 totally
comprises eight elastic elements 32 (springs) arranged
four on one side of the pile 17 and four on the other side
of the pile 17.
[0042] In the example shown in figure 18, which is not
part of the invention, each clamping system 25 comprises
two coupling elements 33, each having an inner surface,
which directly rests against a corresponding lateral plate
20, and an outer surface (opposite the inner surface),
against which the ends of the corresponding elastic ele-
ments 32 (springs) directly rest. In other words, the two
coupling elements 33 are arranged at the opposite ends
of the pile 17 in order to hold the pile 17 together. The
function of the coupling elements 33 is that of properly
distributing the clamping force applied by the elastic el-
ements 32, preventing the ends of the elastic elements
32 from directly stressing the lateral plates 20.
[0043] In the example shown in figure 18, which is not
part of the invention, each coupling element 33 consists
of pressed sheet metal, namely consists of a sheet of
metal material, which is shaped through pressing.
[0044] In the example shown in figure 18, which is not
part of the invention, each coupling element 33 has a
succession of identical structures (namely, a repetition
of identical structures), each located in the area of a cor-
responding power module 11; namely, each coupling el-
ement 33 has a number of identical structures that is the
same as the number of power modules 11 making up
each group 12 or 13 (hence, three identical structures in
the embodiment shown in the accompanying figures).
[0045] In the example shown in figure 18, which is not
part of the invention, each structure has four appendages
34, on which the ends of the corresponding elastic ele-
ments 32 rest, and is configured to apply the elastic force
generated by the corresponding elastic elements 32 in a
central area of the structure; two adjacent structures
share the same appendages 34, which are common for
the two adjacent structures. Each structure has an ap-
proximately rectangular outline and the four appendages
34 project from the approximately rectangular outline.
[0046] In the example shown in figure 18, which is not
part of the invention, each structure has two through
openings arranged on the opposite sides of the central
area of the structure; the two through openings give the
structure a cross-like shape, which allows the clamping
force applied by the elastic elements 32 to be directed
towards the central area of the lateral plates 20.
[0047] In the example shown in figure 18, which is not
part of the invention, each structure has a lowering, pref-
erably with a circular shape, coinciding with the central
area of the structure; the lowering helps concentrate the
clamping force applied by the elastic elements 32 in the
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central area of the lateral plates 20.
[0048] The electronic power converter 6 described
above has numerous advantages.
[0049] First of all, the electronic power converter 6 de-
scribed above has a significant use flexibility, since, pre-
serving the same hardware structure, it can indifferently
power (obviously, with suitable software adjustments)
one single electric motor 4 with a double nominal power,
one single electric motor 4 with a single nominal power
or two electric motors 4 with a double nominal power.
[0050] Furthermore, the electronic power converter 6
described above has an arrangement that optimizes the
cooling of all those components which, in use, generate
a lot of heat (mainly, the six power modules 11), namely
it cools the six power modules 11 in an effective manner
(ensuring that their work temperature never is too high)
and, at the same time, also in an efficient manner (name-
ly, using a reduced cooling liquid flow rate).
[0051] The electronic power converter 6 described
above is particularly compact thanks to the particular ar-
rangement of the six power modules 11 alternated with
the three plates 20 of the cooling system 19.
[0052] Finally, the electronic power converter 6 de-
scribed above ensures relatively low costs as well as a
relatively small manufacturing complexity.

LIST OF THE REFERENCE NUMBERS OF THE FIG-
URES

[0053]

1 vehicle
1 vehicle
2 wheels
3 powertrain system
4 electric motor
5 drivetrain
6 electronic power converter
7 power storage system
8 high-voltage electric system
9 container
10 container
11 power modules
12 group
13 group
14 transistor
15 gate control device
16 gate control device
17 pile
18 control unit
19 cooling system
20 plate
21 delivery pipe
22 return pipe
23 capacitor
24 empty casings
25 clamping system
26 elastic elements

27 tie rods
28 frame
29 pressing member
30 appendages
31 slits
32 springs
33 coupling elements
34 appendages

Claims

1. An electronic power converter (6) to control at least
one electric motor (4) of a vehicle (1); the electronic
power converter (6) comprises:

at least one first group (12) of three power mod-
ules (11), each designed to power with an alter-
nating current one single phase of the electric
motor (4);
two lateral plates (20), which are arranged on
opposite sides of the first group (12) so as to
form a pile (17) together with the first group (12);
a hydraulic circuit, which is configured to cause
a cooling liquid to circulate inside the plates (20);
and
a clamping system (25) comprising at least two
elastic elements (26), which press against two
opposite outer walls of the lateral plates (20) so
as to apply a clamping force of elastic origin to
the pile (17) in order to keep the pile (17) com-
pressed;
the electronic power converter (6) is character-
ized in that:

each elastic element (26) has a frame (28)
and at least one pressing member (29),
which is hinged to the frame (28), projects
from the frame (28) towards a correspond-
ing outer wall of a lateral plate (20) and is
elastically deformed by being pressed
against the corresponding outer wall of a
lateral plate (20); and
the clamping system (25) comprises at least
two tie rods (27), which connect the frames
(28) of the two elastic elements (26) to one
another in order to pull the frames (28) to-
wards one another, hence applying a trac-
tion between the frames (28).

2. The electronic power converter (6) according to
claim 1, wherein each elastic element (26) has two
pressing members (29) arranged next to and oppo-
site one another.

3. The electronic power converter (6) according to
claim 1 or 2, wherein:
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the frame (28) of each elastic element (26) has
at least two appendages (30), which project from
the frame (28); and
each tie rod (27) has at least one slit (31), which
is engaged by an appendage (30) of a corre-
sponding elastic element (26).

4. The electronic power converter (6) according to
claim 3, wherein, in each elastic element (26), the
frame (28) consists of a flat plate, from which the
pressing member (29) projects in a direction and
from which the appendages (30) project in an oppo-
site direction.

5. The electronic power converter (6) according to
claim 3 or 4, wherein:

four tie rods (27) are provided; and
the frame (28) of each element has a substan-
tially rectangular shape and has four appendag-
es (30), which project from frame (28) at the four
corners of the frame (28).

6. The electronic power converter (6) according to
claim 3, 4 or 5, wherein, in each elastic element (26),
the appendages (30) are parallel and non-coplanar
to the frame (28) and are connected to the frame
(28) by means of respective inclined planes.

7. The electronic power converter (6) according to one
of the claims from 1 to 6, wherein for each power
module (11) of the first group (12) there are provided
a pair of opposite elastic elements (26).

8. The electronic power converter (6) according to
claim 7, wherein some tie rods (27) are shared by
two elastic elements (26) next to one another.

9. The electronic power converter (6) according to one
of the claims from 1 to 8, wherein the tie rods (27)
are arranged next to the power modules (11).

10. The electronic power converter (6) according to one
of the claims from 1 to 9, wherein, in each elastic
element (26), the pressing member (29) forms an
obtuse angle with the frame (28).

11. The electronic power converter (6) according to one
of the claims from 1 to 10, wherein, in each elastic
element (26), the pressing member (29) is "L"-
shaped with a rounded corner.

12. The electronic power converter (6) according to one
of the claims from 1 to 11, wherein, in each elastic
element (26), the frame (28) consists of a flat plate,
from which the pressing member (29) projects.

13. The electronic power converter (6) according to one

of the claims from 1 to 12 and comprising:

a second group (13) of power modules (11),
each designed to power with an alternating cur-
rent one single phase of the electric motor (4);
and
a central plate (20), which is arranged between
the first group (12) and the second group (13).

14. The electronic power converter (6) according to
claim 13, wherein:

the power modules (11) of the first group (12)
are arranged next to one another on a same first
plane; and
the power modules (11) of the second group (13)
which are arranged next to one another on a
same second plane, which is parallel to and sep-
arate from the first plane.

15. The electronic power converter (6) according to one
of the claims from 1 to 14, wherein the hydraulic cir-
cuit comprises a delivery pipe (21), which is oriented
perpendicularly to the plates (20) and goes through
at least one plate (20) from side to side, and a return
pipe (22), which is oriented perpendicularly to the
plates (20) and goes through at least one plate (20)
from side to side.
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